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Abstract
In this paper, we construct a new phenomenological isospin dependent global neutron-nucleus
optical model potential. Based on the existing experimental data of elastic scattering angular
distributions for neutron as projectile, we obtain a set of the isospin dependent global neutron-
nucleus optical model potential parameters, which can basically reproduce the experimental data
for target nuclei from 24Mg to 242Pu with the energy region up to 200 MeV.
∗ li xiaohua@sjtu.edu.cn
† lwchen@sjtu.edu.cn
1
I. INTRODUCTION
The optical model(OM) is of fundamental importance on many aspects of nuclear
physics [1]. It is the basis and starting point for many nuclear model calculations and
also is one of the most important theoretical approaches in nuclear data evaluations and
analyses. The optical model potential (OMP) parameters are the key to reproduce the ex-
perimental data, such as reaction cross sections, elastic scattering angle distributions, and
so on.
Over the past years, a number of excellent local and global optical potentials for nu-
cleons have been proposed [2][3][4]. Koning and Delarche [2] constructed a set of global
phenomenological nucleon-nucleus optical model potential parameters (KD OMP), which
can perfectly reproduce the experimental data for the region of targets from 24Mg to 209Bi
with the incident energy from 1 keV to 200 MeV; Weppner et al [5] obtained a set of isospin
dependent global nucleon-nucleus optical model potential parameters (WP OMP) with tar-
get nuclei region from carbon to nickel and the projectile energy from 30 to 160 MeV; Han
et al [6] also obtained a new set of global phenomenological optical model potential param-
eters for nucleon-actinide reactions with energies up to 300 MeV. In the nucleon optical
model potential, the isospin degree of freedom may play an important role to more accu-
rately describe the experimental data [7] [8]. Information on the isospin dependence of the
nucleon optical model potential has been shown to be very useful to understand the nuclear
symmetry energy [9–12] which encodes the energy related to the neutron-proton asymme-
try in the equation of state of isospin asymmetric nuclear matter and is a key quantity for
many issues in nuclear physics and astrophysics (See, e.g., Ref. [13]). On the other hand,
to study the systematics of neutron scattering cross sections on various nuclei for neutron
energies up to several hundred MeV is a very interesting and important topic due to the
concept of an accelerator driven subcritical (ADS) system in which neutrons are produced
by bombarding a heavy element target with a high energy proton beam of typically above
1.0 GeV with a current of 10 mA and the ADS system serves a dual purpose of energy
multiplication and waste incineration (See, e.g., Ref. [14]). Therefore, to construct a more
accurate neutron-nucleus optical model potential is of crucial importance. The motivation
of the present paper is to construct a new isospin dependent neutron-nucleus optical model
potential, which can reproduce the experimental data for a wider range of target nucleus
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than the formers.
This paper is arranged as follows. In Sec. II, we provide a description of the optical
model and the form of the isospin dependent neutron-nucleus optical potential. Section III
presents the results, and section IV is devoted to the discussion. Finally, a summary is given
in Sec. V.
II. OPTICAL MODEL AND THE FORM OF THE ISOSPIN DEPENDENT
NEUTRON-NUCLEUS OPTICAL POTENTIAL
The phenomenological OMP for neutron-nucleus reaction V (r, E) is usually defined as
follows:
V (r, E) = −Vv fr(r)− iWv fv(r) + i 4 asWs
dfs(r)
dr
+ λ−
2
pi
Vso + iWso
r
dfso(r)
dr
2~S ·~l, (1)
where Vv and Vso are the depth of real part of central potential and spin-orbit potential,
respectively; Wv,Ws andWso are the depth of imaginary part of volume absorption potential,
surface absorption potential and spin-orbit potential, respectively. The fi (i = v, s, so) are
the standard Wood-Saxon shape form factors.
In this work, according to Lane Model [7], we add the isospin dependent terms in the Vv,
Wv and Ws, which can be parameterized as:
Vv = V0 + V1E + V2E
2 + (V3 + V3LE) (N − Z)/A, (2)
Ws = Ws0 +Ws1E + (Ws2 +Ws2LE) (N − Z)/A (3)
Wv = Wv0 +Wv1 E +Wv2 E
2 + (Wv3 +Wv3L E) (N − Z)/A (4)
The shape form factors fi can be expressed as
fi(r) = [1 + exp((r − riA
1/3)/ai)]
−1 with i = r, v, s, so (5)
where
ri = ri0 + ri1A
−1/3 with i = r, v, s, so (6)
ai = ai0 + ai1 A
1/3 with i = r, v, s, so (7)
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In above equations, A = Z +N with Z and N being the number of protons and neutrons of
the target nucleus, respectively; E is the incident neutron energy in the laboratory frame;
λ−
2
pi is the Compton wave length of pion, and usually we use λ
−2
pi = 2.0 fm
2.
APMN [15] is a code to automatically search for a set of optical potential parameters
with smallest χ2 in E ≤ 300 MeV energy region by means of the improved steepest descent
algorithm [16], which is suitable for non-fissile medium-heavy nuclei with the light projectiles,
such as neutron, proton, deuteron, triton, 3He, and α. The optical potential in APMN [15]
has been modified based on the standard BG form [3], i.e. Woods-Saxon form for the real
part potential Vv and the imaginary part potential of volume absorption Wv; derivative
Woods-Saxon form for the imaginary part potential of surface absorption Ws; and Thomas
form for the spin-orbital coupling potential Vso and Wso. It should be noted that all the
radius and diffusiveness parameters in the standard BG optical potential form are constant,
not varying with the mass of target nuclei. In the present work, they are modified as
functions of the mass of target nuclei according to our former work [17]. We modify the
APMN code according to the the present form of the isospin dependent global neutron-
nucleus optical model potential and thus totally 32 adjustable parameters are involved in
the code APMN [15].
In the code APMN [15], the compound nucleus elastic scattering is calculated with the
Hauser-Feshbach statistic theory with Lane-Lynn width fluctuation correction [18](WHF),
which is designed for medium-heavy target nuclei. For these nuclei, the spaces between levels
are usually small, the concepts of continuous levels and level density can be properly used for
description of higher levels, say, their excited energies are higher than the combined energy of
the emitting particle in compound nucleus. In the code APMN, the Hauser-Feshbach theory
supposed that after the compound nucleus emits one of the six particles–n, p, d, t, α and
3He, or a γ photon, all discrete levels of the residual nucleus de-excite only through emission
of γ photons, not permitting emission of any particles. For medium-heavy target nuclei,
when the incident energy increase to about 5–7 MeV, the cross sections of the compound
nucleus elastic scattering usually will drop to very small values in comparison with the shape
elastic scattering; so there is no need for considering pre-equilibrium particle emission.
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III. RESULTS
Our theoretical calculation is carried out within the non-relativistic frame and the rela-
tivistic kinetics corrections have been neglected because they are usually very small when
the projectile energy E ≤ 200 MeV (See, e.g., Ref. [19]). In the present work, we choose
the existing experimental data of neutron elastic scattering angular distributions with the
incident energy region from 0.134 to 225 MeV for the 45 target nuclei shown in Table I as the
data base, for searching for global neutron optical potential parameters. These data shown
in Table I have been also used in the work of Koning and Delarche [2]. In this work, all of
experimental data used are taken from EXFOR (web address: http://www.nndc.bnl.gov/).
As for the data error, we take the values given in EXFOR if they are available (we note here
that more than 90% data considered in the present work have data error in EXFOR); in the
case that the data errors are not provided in EXFOR, we take them as 10% of the corre-
sponding experimental data, which roughly corresponds to the mean value of the available
experimental data error.
We use the global neutron optical model potential parameters of Becchetti and Green-
less [3] as starting point. The value of zero has been used as the initial values for the
parameters that we add newly in the code APMN.
Through the calculation of APMN code, we obtain a new set of isospin dependent global
neutron-nucleus optical model potential parameters which can be expressed as following:
Vv = 54.983− 0.3278E + 0.00031E
2
− (18.495− 0.219E)(N − Z)/A (MeV) (8)
Ws = 11.846− 0.182E − (16.66− 0.0141E)(N − Z)/A (MeV) (9)
Wv = −2.5028 + 0.2144E − 0.00126E
2
− (0.000248− 0.2139E)(N − Z)/A (MeV) (10)
ar = 0.696− 0.00064A
1/3 (fm), as = 0.563− 0.0137A
1/3 (fm) (11)
av = 0.912 + 0.0539A
1/3 (fm), aso = 0.677 + 0.0203A
1/3 (fm) (12)
rr = 1.173− 0.002A
−1/3 (fm), rs = 1.278− 0.014A
−1/3 (fm) (13)
rv = 1.266 + 0.02A
−1/3 (fm), rso = 0.828 + 0.01A
−1/3 (fm) (14)
Vso = 8.797 (MeV), Wso = 0.019 (MeV) (15)
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where the unit of the incident neutron energy E is MeV.
With above optical model potential parameters, we calculate the angular distributions of
elastic scattering for many nuclei with neutron as projectile. Some of the calculated results
and experimental data of elastic scattering angular distributions are shown in Fig. 1 to Fig.
12 where the corresponding results from KD OMP are also included for comparison.
IV. DISCUSSION
The χ2 represents the deviation of the calculated values from the experimental data, and
in this work it is defined as follows:
χ2 =
1
N
N∑
n=1
χ2n, (16)
with
χ2n =
1
Nn,el
Nn,el∑
i=1
1
Nn,i
Nn,i∑
j=1
(
σthel (i, j)− σ
exp
el (i, j)
∆σexpel (i, j)
)2, (17)
where χ2n is for a single nucleus, and n is the nucleus sequence number. χ
2 is the average
values of the N nuclei with N denoting the numbers of nuclei included in global parameters
search and its value is 45 in the present work. σthel (i, j) and σ
exp
el (i, j) are the theoretical
and experimental differential cross sections at the j-th angle with the i-th incidence energy,
respectively. ∆σexpel (i, j) is the corresponding experimental data error. Nn,i is the number
of angles for the n-th nucleus and the i-th incidence energy. Nn,el is the number of incident
energy points of elastic scattering angular distribution for the n-th nucleus.
Through minimizing the average χ2 value for the 45 nuclei in Table I with the modified
code APMN, we find an optimal set of global neutron potential parameters, which are given in
Eqs. (8)−(15). With the obtained parameters above, we get the average value of χ2 = 32.27
for the 45 nuclei. Using the parameters of Koning and Delaroche [2], we obtain the average
value of χ2 = 30.11 for the same 45 nuclei. Therefore, our parameter set has almost the
same good global quality as that of Koning and Delaroche for the global neutron potential.
We use the optical model potential parameters of ours and Koning et al to calculate the
χ2n of a single nucleus for the 45 nuclei in Table I. In addition, in order to see the predictive
power, we also calculate the χ2n for other 58 nuclei listed Table II where the incident energy
region and references are also given. The calculated results for all the 103 nuclei in Table I
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and Table II are shown in Table III where our results are denoted by χ2n1 and that of Koning
et al are denoted by χ2n2, respectively.
From Table III, we can see that the value of χ2n1 is close to that of χ
2
n2 for the nuclei in
Table I; The value of χ2n1 is much less than that of χ
2
n2 for the nuclides Os, Pt, Th, U, and
Pu; The value of χ2n1 is also close to that of χ
2
n2 for the other nuclei. This means that our
new set of the isospin dependent global neutron-nucleus optical potential parameters can be
as equally good as that of Koning et al to reproduce the experimental data for neutron as
projectile with target ranging from 24Mg to 209Bi. However our results are better than those
of Koning et al for the actinide. We would like to point out that the number of parameters
of our optical model potential is significantly less than that of Koning et al.
Some of the elastic scattering angular distributions obtained with our global optical po-
tential parameters and with those of Koning et al as well as the corresponding experimental
data are plotted in Figs. 1 to 12. The sold lines are the results calculated with our param-
eters, the dashed lines are the results with the parameters of Koning et al, and the points
represent the experimental data. The same symbols are used in all figures. The experimental
data and the corresponding theoretical calculation results in all figures are in the center of
mass (C.M.) system. From these figures, we can see clearly that our theoretical calculations
can reproduce the experimental data as equally well as those of Koning et al in the targets
range from 24Mg to 209Bi, except for some energy points of few nuclei.
From Fig. 1 and Fig. 2, it is seen that both of our theoretical calculations and those
of Koning et al can not well reproduce the experimental data for some energy points of
targets 40Ca and 48Ca. This is a well-known problem [20][21] for 40Ca. It may be due to
the fact that both 40Ca and 48Ca are double magic nuclei and the shell effect corrections
may be important. However, both of our work and that of Koning et al aim at constructing
global spherical optical model potentials. So the shell effects are not included in both of the
OMPs. In addition, the effects of giant resonances have been neglected in both theoretical
calculations and including them could improve the agreement [22].
From Figs. 3-8, one can see that there exist some obvious deviations between experimental
data and theoretical calculations with both our OMP parameters and that of Koning et al
for nuclei Ba and W. This may be due to the fact that the Ba and W exist large deformation,
and an effective spherical mean field may no longer provide a totally adequate description
of the neutron-nucleus many body problem [2]. Both of the OMPs are based on spherical
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frame and the effects of deformation are not considered.
For the actinide, such as Th, U, and Pu, it is seen from Figs. 9-12 that our theoretical
results exhibit significantly better agreement with experimental data than those of Koning
et al.
V. SUMMARY
A new set of isospin dependent global neutron-nucleus optical potential parameters has
been obtained based on the existing experimental data of neutron elastic scattering angu-
lar distributions by using the modified code APMN [15]. The calculated elastic scattering
angular distributions with the new optical model potential parameters have been shown
to be in good agreement with the corresponding experimental data for many nuclei from
24Mg to 242Pu in the energy region up to 200 MeV. In particular, our new global optical
model potential parameters can give a significantly improved description of neutron elastic
scattering angular distributions for the actinide, such as Th, U, and Pu, than the existing
global optical model potential parameters in the literature. Our new global optical model
potential can be used to calculate the neutron elastic scattering for different target nuclei
including those for which the experimental data are unavailable so far.
In the present work, polarization of the projectile is not considered. The polarized neutron
beams may play a very important role in nuclear reaction and nuclear structure studies as
well as many fundamental issues of particle physics. We plan to investigate the effect of
neutron polarization in a future work.
Acknowledgments
The authors would like to thank Professor Chong-Hai Cai for useful discussions. This
work was supported in part by the NNSF of China under Grant Nos. 10975097 and 11047157,
Shanghai Rising-Star Program under Grant No. 11QH1401100, and the National Basic
8
Research Program of China (973 Program) under Contract No. 2007CB815004.
[1] P. G. Yong, RIPL Handbook, Vol. 41, 1998, http://www-nds.iaea.org/ripl/, Chapter 4: Op-
tical Model Parameters.
[2] A. J. Koning, J. P. Delaroche, Nucl. Phys. A 713 (2003) 231.
[3] F. D. Becchetti, G. W. Greenless, Phys. Rev. 182 (1969) 1190.
[4] R. L. Varner, W. J. Thompson, T. L. Mcabee, E. J. Ludwig, T. B. Clegg, Phys. Rep. 201
(1991) 57.
[5] S. P. Weppner, R. B. Penney, G. W. Diffendale, G. Vittorini, Phys. Rev. C 80 (2009) 034608.
[6] Y. L. Han, Y. L. Xu, H. Y. Liang, H. R. Guo, Q. B. Shen, Phys. Rev. C 81 (2010) 024616.
[7] A. M. Lane, Nucl. Phys. 35 (1962) 676.
[8] M. M. Giannini, G. Ricco, A. Zucchiatti, Ann. Phys. (N.Y.) 124 (1980) 208.
[9] K. A. Brueckner, J. Dabrowski, Phys. Rev. 134 (1964) B722.
[10] J. Dabrowski, P. Haensel, Phys. Lett. B 42 (1972) 163
[11] C. Xu, B. A. Li, L. W. Chen, C. M. Ko, Nucl. Phys. A 865 (2011) 1.
[12] C. Xu, B. A. Li, L. W. Chen, Phys. Rev. C 82 (2010) 054607.
[13] B. A. Li, L.W. Chen, C. M. Ko, Phys. Rep. 464 (2008) 113.
[14] S. S. V. Surya Narayan, Rajesh S. Gowda, and S. Ganesan, arXiv:nucl-th/0409005.
[15] Q. B. Shen, Nucl. Sci. Eng. 141 (2002) 78.
[16] B. Alder, S. Fernbach, M. Rotenberg, Methods in Computational Physics, Vol. 6 Academic
Press, New York/London, 1966, p. 1.
[17] X. H. Li, C. T. Liang, C. H. Cai, Nucl. Phys. A 789 (2007) 103.
[18] A. M. Lane, J. E. Lynn, Proc. Phys. Soc. 24, (1957) 557.
[19] H. X. An, C. H. Cai, Phys. Rev. C 73 (2006) 054605.
[20] C. H. Johnson, C. Mahaux, Phys. Rev. C 38 (1988) 2589.
[21] E. Bauge, J. P. Delaroche, M. Girod, Phys. Rev. C 58 (1998) 1118.
[22] M. Pignanelli, H. V. von Geramb, R. Deleo, Phys. Rev. C 24(1981) 369.
[23] I. A. Korzh, V. A. Mishchenko, M. V. Pasechnik, N. M. Pravdivyi, I. E. Sanzhur, I. A. Tockii,
Ukr. Fiz. Zh. 13 (1968) 1781.
[24] M. B. Fedorov and T. I. Jakovenko, Ukr. Fiz. Zh. 15 (1970) 1905.
9
[25] T. Schweitzer, D. Seeliger, S. Unholzer, Kernenergie, 20 (1977) 174.
[26] D. T. Stewart, W. M. Currie, J. Martin, P. W. Martin, Nuclear Stucture Conference, Vol. 1,
Antwerp, 1965, p. 509.
[27] A. Virdis, Conference on Nuclear Data for Science and Technology, Antwerp, 1982, p. 769.
[28] I. A. Korzh, N. T. Skljar, Ukr. Fiz. Zh. 8 (1963) 1389.
[29] I. A. Korzh, S. Kopytin, M. V. Pasechnik, N. M. Pravdivyj, N. T. Skljar, I. A. Totskiy, J.
Nucl. Energ. 19 (1965) 141.
[30] J. H. Towle, W. B. Gilboy, Nucl. Phys. 39 (1962) 300.
[31] D. J. Bredin, Phys. Rev. 135 (1964) B412.
[32] B. Holmqvist, T. Wiedling, V. Benzi, L. Zuffi, Nucl. Phys. A 150 (1970) 105.
[33] D. Winterhalter, Nucl. Phys. 43 (1963) 339.
[34] R. L. Becker, W. G. Guindon, G. J. Smith, Nucl. Phys. 89 (1966) 154.
[35] K. Tsukada, S. Tanaka, M. Maruyama, Y. Tomita, Conference on Reactor Physics Seminar,
Vol. 1, Vienna, 1961, p. 75.
[36] S. Tanaka, K. Tsukada, M. Maruyama, Y.Tomita, Conference On Nuclear Data for Reactors,
Vol. 2, Helsinki, 1970, p. 317.
[37] W. E. Kinney, F. G. Perey, Oal Ridge National Laboratory Report, No. ORNL-4516, 1970.
[38] J. Martin, D. T. Stewart, W. M. Currie, Nucl. Phys. A 113 (1968) 564.
[39] X. Wang, Y. Wang, D. Wang, J. Rapaport, Nucl. Phys. A 465 (1987) 483.
[40] J. D. Brandenberger, A. Mittler, M. T. McEllistrem, Nucl. Phys. A 196 (1972) 65.
[41] G. Boerker, R. Boettger, H. J. Brede, H. Klein, W. Mannhart, R. L. Siebert, Conference on
Nuclear Data for Science and Technology, Mito, 1988, p. 193.
[42] C. S. Whisnant, J. H. Dave, C. R. Gould, Phys. Rev. C 30 (1984) 1435.
[43] P. H. Stelson, R. L. Robinson, H. J. Kim, J. Rapaport, G. R. Satchler, Nucl. Phys. 68 (1965)
97.
[44] L. F. Hansen, F. S. Dietrich, B. A. Pohl, C. H. Poppe, C. Wong, Phys. Rev. C 31 (1985) 111.
[45] M. M. Nagadi, C. R. Howell, W. Tornow, G. J. Weisel, M. A. Al-Ohali, R. T. Braun, H.
R. Setze, Zemin Chen, R. L. Walter, J. P. Delaroche, P. Romain, Phys. Rev. C 68 (2003)
044610.
[46] J. S. Petler, M. S. Islam, R. W. Finlay, F. S. Dietrich, Phys. Rev. C 32 (1985) 673.
[47] N. Olsson, B. Trostell, E. Ramstro¨m, B. Holmqvist, F. S. Dietrich, Nucl. Phys. A 472 (1987)
10
237.
[48] T. P. Stuart, J. D. Anderson, C. Wong, Phys. Rev. 125 (1962) 276.
[49] J. Roturier, Comptes Rendus Serie B-Physique, 262 (1966) 1736.
[50] S. Kliczewski, Z. Lewandowski, Nucl. Phys. A 304 (1978) 269.
[51] M. Babaa, M. Onoa, N. Yabutaa, T. Kikutia, N. Hirakawaa, Radiation Effects and Defects
in Solids: Incorporating Plasma Science and Plasma Technology 92 (1986) 223.
[52] J. Ho¨hn, H. Pose, D. Seeliger, R. Reif, Nucl. Phys. A 134 (1969) 289.
[53] Y. Yamanouti, S. Tanaka, NEANDC Report No. NEANDC(J)-51/U, 1977, p. 13.
[54] R. Alarcon, J. Rapaport, Nucl. Phys. A 458 (1986) 502.
[55] B. Strohmaier, M.Uhl, International Conference on Neutron Physics and Nuclear Data, Har-
well, 1978, p. 1184.
[56] G. C. Bonazzola, E. Chiavassa, Nucl. Phys. 68 (1965) 369.
[57] T. B. Shope, M. F. Steuer, R. M. Wood, M. P. Etten, Nucl. Phys. A 260 (1976) 95.
[58] S. Harrar, Nuclear Reaction Mechanisms Conference, Padua, 1962, p. 849.
[59] M. Conjeaud, B. Fernandez, S. Harar, J. Picard, G. Souche`re, Nucl. Phys. 62 (1965) 225.
[60] Y. Yamanouti, Nucl. Phys. A 283 (1977) 23.
[61] D. Abramson, A. Arnaud, J. C. Bluet, G. Filippi, C. Lavelaine, C. Le Rigoleur, Report No.
EANDC(E)-149, 1971.
[62] W. Tornow, E. Woye, G. Mack, C. E. Floyd, K. Murphy, P. P. Guss, S. A. Wender, R. C.
Byrd, R. L. Walter, T. B. Clegg, H. Leeb, Nucl. Phys. A 385 (1982) 373.
[63] W. J. McDonald, J. M. Robson, Nucl. Phys. 59 (1964) 321.
[64] G. M. Honore´, W. Tornow, C. R. Howell, R. S. Pedroni, R. C. Byrd, R. L. Walter, J. P.
Delaroche, Phys. Rev. C 33 (1986) 1129.
[65] J. H. Osborne, F. P. Brady,J. L. Romero,J. L. Ullmann, D. S. Sorenson, A. Ling, N. S. P.
King, R. C. Haight, J. Rapaport, R. W. Finlay, E. Bauge, J. P. Delaroche, A. J. Koning,
Phys. Rev. C 70 (2004) 054613.
[66] A. B. Smith, P. T. Guenther, J. Phys. G 19 (1993) 655.
[67] J. H. Towle, Nucl. Phys. A 117 (1968) 657.
[68] M. Abdel Harith, Th. Schweitzer, D. Seeliger, S. Unholzer, Zentralinst. f. Kern Forschung
Rossendorf Report, No. 315, Germany, 1976, p. 12.
[69] A. V. Polyakov, G. N. Lovchikova, V. A. Vinogradov, B. V. Zhuravlev, O. A. Salnikov, S. E.
11
Sukhikh, Vop. At. Nauki i Tekhn. Ser. Yad. Konst. 4 (1987) 31.
[70] A. V. Polyakov, G. N. Lovchikova, V. A. Vinogradov, B. V. Zhuravlev, O. A. Salnikov, S. E.
Sukhikh, Vop. At. Nauki i Tekhn. Ser. Yad. Konst. 3 (1986) 21.
[71] D. Schmidt, W. Mannhart, Z. C. Wei, Conference on Nuclear Data for Science and Technol-
ogy, Trieste, Vol. 1, 1997, p. 407.
[72] M. Baba, M. Ishikawa, T. Kikuchi, H. Wakabayashi, N. Yabuta, N. Hirakawa, Conference on
Nuclear Data for Science and Technology, Mito, 1988, p. 209.
[73] I. A. Korzh, V. A. Mishchenko, E. N. Mozhzhukhin, A. A. Golubova, N. M. Pravdivyj, I. E.
Sanzhur, M. V. Pasechnik, Ukr. Fiz. Zh. 22 (1977) 866.
[74] M. V. Pasechnik, M. B. Fedorov, T. I. Jakovenko, I. E. Kashuba, V. A. Korzh, Ukr. Fiz. Zh.
11 (1969) 1874.
[75] I. A. Korzh, V. A. Mischenko, E. N. Mozhzhukhin, N. M. Pravdivyj, Yad. Fiz. 35 (1982)
1097.
[76] W. E. Kinney, F. G. Perey, Oak Ridge National Laboratory Report No. ORNL-4806, 1974.
[77] Y. Yamanoutt, M. Sugimoto, M. Mizumoto, Y. Watanabe, K. Hasegawa, NEANDC Report
No. NEANDC(J)-155, 1990, p. 20.
[78] J. C. Ferrer, J. D. Carlson, J. Rapaport, Nucl. Phys. A 275 (1977) 325.
[79] P. T. Guenther, D. L. Smith, A. B. Smith, J. F. Whalen, Ann. Nucl. Eng. 13 (1986) 601.
[80] I. A. Korzh, V. A. Mishchenko, E. N. Mozhzhukhin, N. M. Pravdivij, I. E. Sanzhur, Ukr.
Fiz. Zhu. 22 (1977) 87.
[81] P. Boschung, J. T. Lindow, E. F. Shrader, Nucl. Phys. A 161 (1971) 593.
[82] W. E. Kinney, F. G. Perey, Oak Ridge National Laboratory Report No. ORNL-4907, 1974.
[83] S. M. El-Kadi, C. E. Nelson, F. O. Purser, R. L. Walter, A. Beyerle, C. R. Gould, L. W.
Seagondollar Nucl. Phys. A 390 (1982) 509.
[84] S. Mellema, R. W. Finlay, F. S. Dietrich, F. Petrovich, Phys. Rev. C 28 (1983) 2267.
[85] A. I. Tutubalin, A. P. Kljucharev, V. P. Bozhko, V. Ja. Golovnja, G. P. Dolja, A. S. Kachan,
N. A. Shljakhov, Conference on Neutron Physics, Kiev, Vol. 3, 1973, p. 62.
[86] R. S. Pedroni, C. R. Howell, G. M. Honore´, H. G. Pfutzner, R. C. Byrd, R. L. Walter, J. P.
Delaroche, Phys. Rev. C 38 (1988) 2052.
[87] V. M. Morozov, Ju. G. Zubov, N. S. Lebedeva, Yaderno-Fizicheskie Issledovaniya Reports
No. 14, 1972, p. 8.
[88] W. L. Rodgers, E. F. Shrader, J. T. Lindow, Chicago Operations Office A. E. C. Contract
Report, No. 1573, 1967, p. 2.
[89] K. Hata, S. Shirato, Y. Ando, NEANDC Report No. NEANDC(J)-155, 1990, p. 95.
[90] M. Walt, H. H. Barschall, Phys. Rev. 93 (1954) 1062.
[91] P. T. Guenther, P. A. Moldauer, A. B. Smith, J. F. Whalen, Nucl. Sci. Eng. 54 (1974) 273.
[92] A. B. Smith, P. T. Guenther, R. D. Lawson, Nucl. Phys. A 483 (1988) 50.
[93] Claude St. Pierre, M. K. Machwe, Paul Lorrain, Phys. Rev. 115 (1959) 999.
[94] M. M. Nagadi, M. Al-Ohali, G. Weisel, R. Setze, C. R. Howell, W. Tornow, R. L. Walter, J.
Lambert, Triangle University Nuclear Laboratoey Annual Report No. 30, 1991.
[95] S. T. Lam, W. K. Dawson, S. A. Elbakr, H. W. Fielding, P. W. Green, R. L. Helmer, I. J.
van Heerden, A. H. Hussein, S. P. Kwan, G. C. Neilson, T. Otsubo, D. M. Sheppard, H. S.
Sherif, J. Soukup, Phys. Rev. C 32 (1985) 76.
[96] Carl Budtz-Jφrgensen, Peter T. Guenther, Alan B. Smith, James F. Whalen, Z. Phys. A 306
(1982) 265.
[97] A. B. Smith, P. T. Guenther, J. F. Whalen, S. Chiba, J. Phys. G 18 (1992) 629.
[98] I. A. Korzh, V. P. Lunev, V. A. Mishchenko, E. N. Mozhzhukhin, M. V. Pasechnik, N. M.
Pravdivyy, Yad. Fiz. 31 (1980) 13.
[99] P. P. Guss, R. C. Byrd, C. E. Floyd, C. R. Howell, K. Murphy, G. Tungate, R. S. Pedroni,
R. L. Walter, J. P. Delaroche, T. B. Clegg, Nucl. Phys. A 438 (1985) 187.
[100] Y. Yamanoutt, J. Rapaport, S. M. Grimes, V. Kulkarni, R. W. Finlay, D. Bainum, P. Grab-
mayr, G. Randers-pehrson, Brookhaven National Laboratory Reports, No. 51245, 1, 1980,
p. 375.
[101] A. Smith, P. Guenther, D. Smith, J. Whalen, Nucl. Sci. Eng. 72 (1979) 293.
[102] W. E. Kinney, F. G. Perey, Oak Ridge National Laboratory Report No. ORNL-4807, 1974.
[103] F. G. Perey, C. O. LeRigoleur, W. E. Kinney, Oak Ridge National Laboratory Report No.
ORNL-4523, 1970.
[104] W. E. Kinney, F. G. Perey, Oak Ridge National Laboratory Report No. ORNL-4908, 1974.
[105] M. A. Etemad, Aktiebolaget Atomenergi, Stockholm/Studsvik Report No. 482, 1973.
[106] B. Holmqvist, T. Wiedling, Aktiebolaget Atomenergi, Stockholm/Studsvik Report No. 485,
1974.
[107] R. M. Musaelyan, V. I. Popov, V. M. Skorkin, International Conference on Neutron Physics,
13
Kiev, Vol. 3, 1987, p. 213.
[108] E. S. Konobeevskij, Ju. G. Kudenko, M. V. Mordovskiy, V. I. Popov, V. M. Skorkin, Izv.
Ross. Akad. Nauk, Ser. Fiz. 48 (1984) 389.
[109] I. A. Korzh, V. A. Mishchenko, N. N. Pravdivyj, All-Union Conference on Neutron Physics,
Kiev, Vol. 3, 1983, p. 167.
[110] G. V. Gorlov, N. S. Lebedeva, V. M. Morozov, Dokl. Akad. Nauk 158 (1964) 574.
[111] R. G. Kurup, R. W. Finlay, J. Rapaport, J. P. Delaroche, Nucl. Phys. A 420 (1984) 237.
[112] D. E. Bainum, R. W. Finlay, J. Rapaport, M. H. Hadizadeh, J. D. Carlson, J. R. Comfort,
Nucl. Phys. A 311 (1978) 492.
[113] S. A. Cox, E. E. Dowling Cox, Argonne National Laboratory Report No. ANL-7935, 1972.
[114] N. A. Bostrom, I. L. Morgan, J. T. Prudhomme, P. L. Okhuysen, O. M. Hudson Jr, Wright
Air Devel. Centre Report, USA, WADC-TN-59-107, 1959.
[115] A. B. Smith, P. T. Guenther, J. F. Whalen, Nucl. Phys. A 415 (1984) 1.
[116] R. D. Lawson, P. T. Guenther, A. B. Smith, Phys. Rev. C 34 (1986) 1599.
[117] R. M. Wilenzick, K. K. Seth, P. R. Bevington, H. W. Lewis, Nucl. Phys. 62 (1965) 511.
[118] F. G. Perey, W. E. Kinney, Oak Ridge National Laboratory Report No. ORNL-4552, 1970.
[119] S. Mellema, J. S. Petler, R. W. Finlay, F. S. Dietrich, J. A. Carr, F. Petrovich, Phys. Rev.
C 36 (1987) 577.
[120] G. M. Honore´, R. S. Pedroni, C. R. Howell, H. G. Pftzner, R. C. Byrd, G. Tungate, R. L.
Walter, Phys. Rev. C 34 (1986) 825.
[121] F. D. McDaniel, J. D. Brandenberger, G. P. Glasgow, H. G. Leighton, Phys. Rev. C 10 (1974)
1087.
[122] P. Guenther, A. Smith, J. Whalen, Phys. Rev. C 12 (1975) 1797.
[123] R. W. Stooksberry, J. H. Anderson, M. Goldsmith, Phys. Rev. C 13 (1976) 1061.
[124] F. D. Mc Daniel, J. D. Brandenberger, G. P. Glasgow, M. T. Mc Ellistrem, J. L. Weil,
University of Kentucky Annual Report, No. 74/77, 1977, p. 34.
[125] R. D. Wilson, PhD thesis, University of Virginia, 1973.
[126] S. Tanaka, Y. Yamanouti, NEANDC Report No. NEANDC(J)-51/U, 1977, p. 11.
[127] Y. Wang, J. Rapaport, Nucl. Phys. A 517 (1990) 301.
[128] S. A. Cox, Argonne National Laboratory Report No. ANL-7210, 1966, p. 3.
[129] D. Reitmann, C. A. Engelbrecht, A. B. Smith, Nucl. Phys. 48 (1963) 593.
14
[130] A. B. Smith, P. T. Guenther, J. F. Whalen, Z. Phys. A 264 (1973) 379.
[131] R. E. Coles, A. W. R. E. Aldermaston Report, No. AWRE-O-66/71, 1971.
[132] A. B. Smith, P. T. Guenther, J. F. Whalen, Argonne National Laboratory Report No. ANL-
70, 1982.
[133] A. B. Smith, P. Guenther, R. D. Lawson, Argonne National Laboratory Report No. ANL-91,
1985.
[134] M. A. Etemad, AE-Report No. AE-482, 1973.
[135] R. S. Pedroni, R. C. Byrd, G. M. Honore´, C. R. Howell, R. L. Walter, Phys, Rev. C 43 (1991)
2336.
[136] M. Adel-Fawzy, H. Foertsch, S. Mittag, D. Schmidt, D. Seeliger, T. Streil, Kernenergie, 24
(1981) 107.
[137] E. G. Christodoulou, N. C. Tsirliganis, G. F. Knoll, Nucl. Sci. Eng. 132 (1999) 273.
[138] A. Takahashi, Y. Sasaki, H. Sugimoto, INDC-Report No. INDC(JAP)-118/L, 1989.
[139] J. H. Cao, Y. S. Dai, D. R. Wan, X. C. Liang, S. M. Wang, INDC-Report No. INDC(CPR)-
011/GI, 1988.
[140] W. Finlay, Private communication, 1991.
[141] P. Lambropoulos, P. Guenther, A. Smith, J. Whalen, Nucl. Phys. A 201 (1973) 1.
[142] A. B. Smith, P. Guenther, J. Whalen, Nucl. Phys. A 244 (1975) 213.
[143] I. A. Korzh, V. P. Lunev, V. A. Mishchenko, E. N. Mozhzhukhin, N. M. Pravdivyj, E. Sh.
Sukhovitskiy, Vop. At. Nauki i Tekhn. Ser. Yad. Konst. 50 (1983) 40.
[144] M. T. McEllistrem, J. D. Bradenberger, K. Sinram, G. P. Glasgow, K. C. Chung, Phys. Rev.
C 9 (1974) 670.
[145] J. Rapaport, T. S. Cheema, D. E. Bainum, R. W. Finlay, J. D. Carlson, Nucl. Phys. A 313
(1979) 1.
[146] S. Tanaka, Y. Yamanouti, Interational Conference on Interaction of Neutron with Nuclei,
Lowell, 1976, p. 1328.
[147] A. B. Smith, P. T. Guenther, J. Phys. G 20 (1994) 795.
[148] A. Smith, P. Guenther, G. Winkler, J. Whalen, Nucl. Phys. A 332 (1979) 297.
[149] R. M. Musaelyan, V. D. Ovdienko, N. T. Sklyar, V. M. Skorkin, G. A. Smetanin, I. V.
Surkova, M. B. Fedorov, T. I. Yakovenko, Yad. Fiz. 50 (1990) 1531.
[150] P. P. Guss, R. C. Byrd, C. R. Howell, R. S. Pedroni, G. Tungate, R. L. Walter, J. P.
15
Delaroche, Phys. Rev. C 39 (1989) 405.
[151] J. Rapaport, Mohammed Mirzaa, H. Hadizadeh, D. E. Bainum, R. W. Finlay, Nucl. Phys.
A 341 (1980) 56.
[152] G. V. Gorlov, N. S. Lebedeva, V. M. Morozov, Dokl. Akad. Nauk 158 (1964) 574.
[153] S. Chiba, Y. Yamanouti, M. Sugimoto, M. Mizumoto, Y. Furuta, M. Hyakutake, S. Iwasaki,
J. Nucl. Sci. Technol. 25 (1988) 511.
[154] S. Tanaka, Y. Tomita, Y. Yamanouti, K. Ideno, Nuclear Structure Conference, Budapest,
1972, p. 148.
[155] S. A. Cox, E. E. Dowling Cox, Argonne National Laboratory Report No. ANL-7935, 1972.
[156] R. B. Galloway, A. Waheed, Nucl. Phys. A 318 (1979) 173.
[157] Amena Begum, R. B. Galloway, F. K. McNeil-Watson, Nucl. Phys. A 332 (1979) 349.
[158] W.B. Gilboy, J.H. Towle, Nucl. Phys. 42 (1963) 86.
[159] R. Singh, H. -H. Knitter, Z. Phys. A 272 (1975) 47.
[160] S. Tanaka, Y. Tomita, K. Ideno, S. Kikuchi, Nucl. Phys. A 179 (1972) 513.
[161] S. G. Buccino, C. E. Hollandsworth, P. R. Bevington, Z. Phys. A 196 (1966) 103.
[162] D. L. Bernard, G. Lenz, J. D. Reber, Nuclear Cross-Sections Technology Conference, Wash-
ington, Vol. 2, 1968, p. 755.
[163] D. F. Coope, S. N. Tripathi, M. C. Schell, M. T. McEllistrem, Bull. Am. Phys. Sco. 24 (1979)
854.
[164] G. Haouat, J. Lachkar, Ch. Lagrange, M. T. McEllistrem, Y. Patin, R. E. Shamu, J. Sigaud,
Phys. Rev. C 20 (1979) 78.
[165] D. F. Coope, S. N. Tripathi, M. C. Schell, J. L. Weil, M. T. McEllistrem, Phys. Rev. C 16
(1977) 2223.
[166] Ch. Lagrange, R. E. Shamu, T. Burrows, G. P. Glasgow, G. Hardie, F. D. McDaniel, Phys.
Lett. B 58 (1975) 293.
[167] Namik K. Aras, William B. Walters, Phys. Rev. C 15 (1977) 927.
[168] L. L. Litvinskiy, Said-Sabbagkh, Ya. A. Zhigalov, V. G. Krivenko, Ya. V. Pugach, Vop. At.
Nauki i Tekhn. Ser. Yad. Konst. 1994 (1994) 15.
[169] R. B. Day, Private communication, 1965.
[170] F. T. Kuchnir, A. J. Elwyn, J. E. Monahan, A. Langsdorf, Jr., F. P. Mooring, Phys. Rev.
176 (1968) 1405.
16
[171] S. A. Cox, Argonne National Laboratory Report No. ANL-7910, 1972, p. 20.
[172] M. Walt, J. R. Beyster, Phys. Rev. 98 (1955) 677.
[173] A. B. Smith, Nucl. Sci. Eng. 155 (2007) 74.
[174] B. Holmqvist, T. Wiedling, AE-Report AE-485, 1974.
[175] N. Olsson, B. Holmqvist, E. Ramstro¨m, Nucl. Phys. A 385 (1982) 285.
[176] Sally F. Hicks, J. M. Hanly, S. E. Hicks, G. R. Shen, M. T. McEllistrem, Phys. Rev. C 49
(1994) 103.
[177] C. D. Zafiratos, T. A. Oliphant, J. S. Levin, L. Cranberg, Phys. Rev. Lett. 14 (1965) 913.
[178] G. E. Belovitskij, L. N. Kolesnikova, I. M. Frank, Yad. Fiz. 15 (1972) 662.
[179] J. L. Fowler, Phys. Rev. 147 (1966) 870.
[180] V. M. Morozov, Ju. G. Zubov, N. S. Lebedeva, Yaderno-Fizicheskie Issledovaniya Reports,
No. YFI-14, 1972, p. 8.
[181] G. Haouat, J. Sigaud, J. Lachkar, Ch. Lagrange, B. Duchemin, Y. Patin, Nucl. Sci. Eng. 81
(1982) 491.
[182] J. R. M. Annand, R. W. Finlay, P. S. Dietrich, Nucl. Phys. A 443 (1985) 249.
[183] M. L. Roberts, P. D. Felsher, G. J. Weisel, Zemin Chen, C. R. Howell, W. Tornow, R. L.
Walter, D. J. Horen, Phys. Rev. C 44 (1991) 2006.
[184] W. E. Kinney, F. G. Perey, Oak Ridge National Laboratory Report No. ORNL-4909, 1974.
[185] J. Rapaport, T. S. Cheema, D. E. Bainum, R. W. Finlay, J. D. Carlson, Nucl. Phys. A 296
(1978) 95.
[186] J. P. Delaroche, C. E. Floyd, P. P. Guss, R. C. Byrd, K. Murphy, G. Tungate, R. L. Walter,
Phys. Rev. C 28 (1983) 1410.
[187] C. E. Floyd Jr, PhD thesis, Duke University, 1981.
[188] R. W. Finlay, J. R. M. Annand, T. S. Cheema, J. Rapaport, F. S. Dietrich, Phys. Rev. C 30
(1984) 796.
[189] R. P. DeVito, Dissertation Abstracts B 40 (1980) 5724.
[190] P. T. Guenther, A. B. Smith, J. F. Whalen, Nucl. Sci. Eng. 75 (1980) 69.
[191] R. D. Lawson, P. T. Guenther, A. B. Smith, Phys. Rev. C 36 (1987) 1298.
[192] R. K. Das, R. W. Finlay, Phys. Rev. C 42 (1990) 1013.
[193] A. H. Hussein, J. M. Cameron, S. T. Lam, G. C. Neilson, J. Soukup, Phys. Rev. C 15 (1977)
233.
17
[194] Cecil I. Hudson, Jr., W. Scott Walker, S. Berko, Phys. Rev. 128 (1962) 1271.
[195] M. Tohyama, Nucl. Phys. A 401 (1983) 237.
[196] S. F. Hicks, PhD thesis, University of Kentucky, 1988.
[197] Sally F. Hicks, S. E. Hicks, G. R. Shen, M. T. McEllistrem, Phys. Rev. C 41 (1990) 2560.
[198] M. B. Fedorov, T. I. Jakovenko, Ukr. Fiz. Zh. 19 (1974) 152.
[199] J. Lachkar, M. T. McEllistrem, G. Haouat, Y. Patin, J. Sigaud, F. Coc¸u, Phys. Rev. C 14
(1976) 933.
[200] S. P. Simakov, G. N. Lovchikova, O. A. Sal
′
nikov, A. M. Trufanov, G. V. Kotel
′
nikova, N.
N. Shchadin, At. Energ. 51 (1981) 244.
[201] V. M. Morozov, Ju. G. Zubov, N. S. Lebedeva, Neutron Physics Conference, Kiev, Vol. 1,
1972, p. 267.
[202] Yu. M. Burmistrov, T. E. Grigor
′
ev, E. D. Molodtsov, R. M. Musaelyan, V. I. Popov, S. I.
Potashev, V. M. Skorkin, Kratkie Soobshcheniya po Fizike, Issue. 6, 1987, p.12.
[203] B. Strohmaier, M. Uhl, W. K. Matthes, Nucl. Sci. Eng. 65 (1978) 368.
[204] Gang Chen, Min Li, J. L. Weil, M. T. McEllistrem, Phys. Rev. C 63 (2001) 014606.
[205] A. B. Smith, Ann. Nucl. Eng. 32 (2005) 1926.
[206] A. B. Smith, Argonne National Laboratory Report No. ANL-6727, 1963.
[207] S. P. Simakov, G. N. Lovchikova, O. A. Sal
′
nikov, G. V. Kotel
′
nikova, A. M. Trufanov, Vop.
At. Nauki i Tekhn. Ser. Yad. Konst. 1982 (1982) 17.
[208] R. E. Benenson, K. Rimawi, E. H. Sexton, B. Center, Nucl. Phys. A 212 (1973) 147.
[209] P. T. Guenther, A. B. Smith, J. F. Whalen, Phys. Rev. C 26 (1982) 2433.
[210] J. R. M. Annand, R. W. Finlay, Nucl. Phys. A 442 (1985) 234.
[211] T, Hicks, PhD thesis, University of Kentucky, 1987.
[212] S. E. Hicks, Z. Cao, M. C. Mirzaa, J. L. Weil, J. M. Hanly, J. Sa, M. T. McEllistrem, Phys.
Rev. C 40 (1989) 2509.
[213] M. C. Mirzaa, J. P. Delaroche, J. L. Weil, J. Hanly, M. T. McEllistrem, S. W. Yates, Phys.
Rev. C 32 (1985) 1488.
[214] S. E. Hicks, J. P. Delaroche, M. C. Mirzaa, J. Hanly, M. T. McEllistrem, Phys. Rev. C 36
(1987) 73.
[215] P. T. Guenther, D. G. Havel, A. B. Smith, Nucl. Sci. Eng. 65 (1978) 174.
[216] Y. Tomita, S. Tanaka, M. Maruyama, EANDC Report No. EANDC(J)-30, 1973, p. 6.
18
[217] Y. Fujita, T. Ohsawa, R. M. Brugger, D. M. Alger, W. H. Miller, J. Nucl. Sci. Technol. 20
(1983) 983.
[218] G. C. Goswami, J. J. Egan, G. H. R. Kegel, A. Mittler, E. Sheldon, Nucl. Sci. Eng. 100
(1988) 48.
[219] R. Batchelor, W. B. Gilboy, J. H. Towle, Nucl. Phys. 65 (1965) 236.
[220] V. I. Popov, Soviet Progress in Neutron Physics, Consultants Bureau, New York, 1963, p.224.
[221] A. B. Smith, S. Chiba, Ann. Nucl. Eng. 23 (1996) 459.
[222] L. F. Hansen, B. A. Pohl, C. Wong, R. C. Haight, Ch. Lagrange Phys. Rev. C 34 (1986)
2075.
[223] R. C. Allen, R. B. Walton, R. B. Perkins, R. A. Olson, R. F. Taschek, Phys. Rev. 104 (1956)
731.
[224] H. -H. Knitter, M. M. Islam, M. Coppola, Z. Phys. A 257 (1972) 108.
[225] L. Cranberg, Los Alamos Scientific Laboratory Report No. LA-2177, 1959.
[226] R. Batchelor, K. Wyld, A. W. R. E. Aldermaston Report No. AWRE-O-55/69, 1969.
[227] A. V. Murzin, V. P. Vertebnyy, A. L. Kirilyuk, V. A. Libman, L. L. Litvinskiy, G. M.
Novoselov, V. F. Razbudey, C. V. Sidorov, N. A. Trofimova, At. Energ. 62 (1987) 192.
[228] L. E. Beghian, G. H. R. Kegel, T. V. Marcella, B. K. Barnes, G. P. Couchell, J. J. Egan, A.
Mittler, D. J. Pullen, W. A. Schier, Nucl. Sci. Eng. 69 (1979) 191.
[229] H. H. Knitter, M. Coppola, N. Ahmed, B. Jay, Z. Phys. A 244 (1971) 358.
[230] G. C. Goswami, PhD thesis, University of Lowell, 1986.
[231] J. R. M. Annand, R. B. Galloway, J. Phys. G 11 (1985) 1341.
[232] W. P. Bucher, C. E. Hollandsworth, Phys. Rev. Lett. 35 (1975) 1419.
[233] B. J. Qi, H. Q. Tang, Z. Y. Zhou, J. Sa, Z. J. Ke, Q. C. Sui, H. H. Xiu, Conference on
Nuclear Data for Science and Technology, Gatlinburg, Vol. 2, 1994, p.901.
[234] H. Q. Qi, Q. K. Chen, Y. T. Chen, H. B. Chen, Z. P. Chen, J. K. Deng, Z. M. Chen, H. G.
Tang, B. J. Qi, Chin. J. Nucl. Phys. 13 (1991) 343.
[235] H. Q. Qi, H. B. Chen, Y. T. Chen, Q. K. Chen, Z. P. Chen, Z. M. Chen, INDC Report No.
EANDC(J)-030/L, 1993, p. 1.
[236] B. Ya. Guzhovskiy, At. Energ. 11 (1961) 395.
[237] P. E. Cavanagh, C. F. Coleman, D. A. Boyce, G. A. Gard, A. G. Hardacre, J. F. Turner, A.
E. R. E. Harwell Report No. AERE-R-5972, 1969.
19
[238] M. Coppola, H. -H. Knitter, Z. Phys. A 232 (1970) 286.
[239] A. B. Smith, P. Lambropoulos, J. F. Whalen, Nucl. Sci. Eng. 47 (1972) 19.
[240] D. M. Drake, M. Drosg, P. Lisowski, L. Veeser, Los Alamos Scientific Laboratory Report No.
LA-7855, 1979.
20
TABLE I: The data base for searching global optical potential parameters
nucleus En.(MeV) Refs. nucleus En.(MeV) Refs.
24Mg 1.5-14.83 [23]-[27] 27Al 0.3-26 [23][28]-[48]
28Si 3.4-21.7 [25][27][38][41][49]-[54] 31P 3.4-20 [25][35][38][40][55][56]
32S 5.95-21.7 [26][27][38][54][57]-[60] 40Ca 1.175-225 [61]-[65]
45Sc 1.6-10 [66] 51V 1.61-14.37 [67]-[72]
52Cr 1.5-18.54 [73]-[77] 55Mn 2.47-14.1 [25][32][34][72][78]
54Fe 1.3-26 [79]-[86] 56Fe 1.8-26 [25][81][83]-[85][87]-[89]
59Co 1-23 [32][45][47][78][90]-[95] 58Ni 1.42-24 [73][85][86][96]-[100]
60Ni 1.5-24 [73][85][98]-[103] 63Cu 5.5-13.92 [83][104]
65Cu 2.33-13.92 [83][88][104] 75As 3.2-8.05 [34][105][106]
80Se 0.34-10 [107]-[111] 88Sr 11 [112]
89Y 0.8892-21.6 [44][47][113]-[120] 90Zr 1.5-24 [121]-[127]
91Zr 8-24 [127] 92Zr 1.5-24 [121][122][124][126][127]
94Zr 1.5-24 [121][127] 93Nb 1-20 [44][78][90][128]-[140]
92Mo 0.9-26 [121][124][141]-[145] 96Mo 0.9-26 [121][124][141][142][144]-[146]
98Mo 0.9-26 [141][142][145] 100Mo 0.9-26 [124][141][142][144][145]
103Rh 1.5-9.995 [115][117][147] 107Ag 1.5-4 [148]
116Sn 0.4-24 [149]-[151] 118Sn 0.8-24 [149][151]-[153]
120Sn 0.4-16.905 [78][149]-[151][154] 124Sn 0.4-24 [149][151]
127I 0.8893-16.1 [152][155]-[157] 141Pr 0.8788-8 [34][155][158]-[162]
142Nd 2.5-7 [163][164] 144Nd 2.5-7 [163][164]
148Sm 2.47-7 [165]-[167] 197Au 0.134-14.7 [44][134][161][168]-[174]
206Pb 0.5-21.6 [47][78][161][169][174]-[178] 208Pb 1.285-225 [44][65][178]-[189]
209Bi 2-24 [47][182][190]-[194]
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TABLE II: The incident energy points and data references of the other 58 nuclei.
nucleus En.(MeV) Refs. nucleus En.(MeV) Refs.
26Mg 24 [195] 34S 21.7,25.5 [54]
39K 14.07 [49] 48Ca 2.35-7.97 [196]
48K 2.9 [74] 50Cr 1.5-3 [73]
54Cr 1.5-3 [74][198] 62Ni 1.5-5 [73][98][152]
64Ni 1.5-7 [73][98] 64Zn 1.5-3 [73][198]
66Zn 1.5-3 [73][198] 68Zn 1.5-3 [73]
76Se 0.34-10 [107]-[109][111][199] 78Se 0.34-8 [107]-[109][199]
82Se 0.34-10 [107]-[109][199] 94Mo 0.9-8.04 [121][124][141][143][144][146]
110Cd 0.4-1.24 [149] 114Cd 4 [152]
116Cd 0.6-1.24 [149] 113In 5.19-8.53 [200]
115In 1.8-8.53 [152][200][201] 122Sn 0.4-11 [149][151]
122Te 0.3-1.97 [202] 124Te 0.3-1.97 [202]
126Te 0.3-1.97 [202] 128Te 0.3-1.97 [202]
130Te 0.3-1.97 [202] 133Cs 0.8772 [155]
134Ba 3-20 [203] 135Ba 2-20 [203]
136Ba 4-20 [203] 137Ba 3-20 [203]
138Ba 5-20 [203] 137Ba 3-20 [203]
138Ba 5-20 [203] 139La 0.98-8 [158][162]
140Ce 7.5-14.6 [44][204] 139La 7.5 [204]
146Nd 2.5-7 [163][164] 148Nd 2.5-7 [163][164]
150Nd 2.5-7 [163][164] 150Sm 2.47-7 [165][167]
152Sm 2.5-7 [165][167] 154Sm 6.25-7 [166][167]
152Sm 2.5-7 [165][167] 181Ta 0.323-14.8 [44][78][138][205]-[208]
182W 1.5-4.87 [209][210] 184W 1.5-4.84 [209][210]
182W 1.5-4.87 [209][210] 184W 1.5-4.84 [209][210]
186W 1.5-3.95 [209] 190Os 2.5-4 [211]
192Os 1.6-3.94 [212] 194Pt 2.5-4.55 [213][214]
196Pt 2.53-4.64 [211] 204Pb 2.53-8 [176]
207Pb 0.5-13.7 [169][215][178][216] 232Th 0.144-14.1 [90][181][217]-[222]
233U 0.7-1.5 [181] 235U 0.185-5.5 [181][223]-[226][230]
238U 0.055-15 [181][219][227]-[236] 239Pu 0.149-14.1 [181][222][223][237][238]
240Pu 0.4-1.2 [239] 242Pu 0.57-1.5 [240]
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TABLE III: χ2n of a single nucleus. χ
2
n1 for our global potential parameters, χ
2
n2 for those of A. J.
Koning and J. P. Delaroche
nucleus χ2n1 χ
2
n2 nucleus χ
2
n1 χ
2
n2 nucleus χ
2
n1 χ
2
n2
24Mg 48.07 77.88 26Mg 73.45 43.48 27Al 33.74 50.36
28Si 27.24 22.88 31P 33.46 43.17 32S 13.25 14.51
34S 18.78 15.66 39K 65.04 45.88 40Ca 19.44 16.25
48Ca 319.3 301.2 45Sc 14.08 7.934 48Ti 16.45 12.60
51V 29.21 21.82 50Cr 3.095 5.057 52Cr 11.81 94.89
54Cr 3.012 4.558 55Mn 17.92 23.83 54Fe 31.20 122.7
56Fe 29.40 38.53 59Co 50.25 51.38 58Ni 11.64 20.90
60Ni 18.90 27.08 62Ni 6.552 9.851 64Ni 6.625 5.580
63Cu 8.719 6.573 65Cu 10.11 5.919 64Zn 6.833 7.435
66Zn 6.611 4.363 68Zn 7.712 3.665 75As 12.06 11.64
76Se 44.21 63.26 78Se 22.08 35.32 80Se 29.91 39.48
82Se 13.97 14.68 88Sr 38.11 32.66 89Y 34.55 19.09
90Zr 29.93 23.97 91Zr 31.67 19.35 92Zr 13.97 6.971
94Zr 13.06 12.79 93Nb 50.10 42.60 92Mo 24.39 29.55
94Mo 40.40 35.57 96Mo 101.8 170.6 98Mo 17.66 20.94
100Mo 67.80 137.1 103Rh 10.33 15.54 107Ag 8.043 42.19
110Cd 4.622 6.179 114Cd 298.4 77.41 113In 5.413 5.741
115In 51.65 18.74 116Sn 8.380 8.194 118Sn 11.67 13.38
120Sn 28.10 17.12 122Sn 9.091 4.693 124Sn 10.06 5.025
122Te 3.090 8.610 124Te 2.177 5.716 126Te 3.471 4.347
128Te 9.282 3.668 130Te 13.68 4.837 127I 91.22 50.50
133Cs 7.464 7.211 134Ba 897.9 726.0 135Ba 687.2 292.9
136Ba 957.7 300.9 137Ba 1221. 378.3 138Ba 2055. 457.7
139La 44.88 41.60 140Ce 44.40 13.34 142Ce 199.8 129.7
141Pr 125.2 115.1 142Nd 27.00 20.94 144Nd 12.55 8.944
146Nd 14.58 22.04 148Nd 23.58 96.56 150Nd 137.8 319.3
148Sm 18.90 30.05 150Sm 18.01 87.68 152Sm 29.60 113.2
154Sm 34.01 28.10 181Ta 33.85 92.52 182W 75.12 316.4
184W 65.26 252.6 186W 65.85 234.4 190Os 246.5 636.7
192Os 96.69 323.6 194Pt 78.25 297.1 196Pt 69.51 204.0
197Au 53.09 42.39 204Pb 48.68 48.38 206Pb 48.26 34.32
207Pb 41.30 9.177 208Pb 39.23 26.93 209Bi 50.53 24.29
232Th 43.23 293.5 233U 77.01 241.0 235U 33.50 126.2
238U 119.3 551.8 239Pu 37.75 143.5 240Pu 36.86 175.9
242Pu 27.92 91.89
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FIG. 1: Comparisons of the experimental angular distributions of elastic scattering (dots) with the
calculated results from our global potential parameters (red solid lines) and those of A. J. Koning
and J. P. Delaroche (black dashed lines) in the center of mass frame. The experimental data are
taken from Refs. [26][27][38][40][49][54]-[61].
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FIG. 2: Comparisons of the experimental angular distributions of elastic scattering (dots) with the
calculated results from our global potential parameters (red solid lines) and those of A. J. Koning
and J. P. Delaroche (black dashed lines) in the center of mass frame. The experimental data are
taken from Refs. [61]-[66][196][197].
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FIG. 3: Comparisons of the experimental angular distributions of elastic scattering (dots) with the
calculated results from our global potential parameters (red solid lines) and those of A. J. Koning
and J. P. Delaroche (black dashed lines) in the center of mass frame. The experimental data are
taken from Refs. [152][155]-[157][202][203].
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FIG. 4: Comparisons of the experimental angular distributions of elastic scattering (dots) with the
calculated results from our global potential parameters (red solid lines) and those of A. J. Koning
and J. P. Delaroche (black dashed lines) in the center of mass frame. The experimental data are
taken from Refs. [202].
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FIG. 5: Comparisons of the experimental angular distributions of elastic scattering (dots) with the
calculated results from our global potential parameters (red solid lines) and those of A. J. Koning
and J. P. Delaroche (black dashed lines) in the center of mass frame. The experimental data are
taken from Refs. [202].
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FIG. 6: Comparisons of the experimental angular distributions of elastic scattering (dots) with the
calculated results from our global potential parameters (red solid lines) and those of A. J. Koning
and J. P. Delaroche (black dashed lines) in the center of mass frame. The experimental data are
taken from Refs. [34][44][155][158]-[164][203][204].
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FIG. 7: Comparisons of the experimental angular distributions of elastic scattering (dots) with the
calculated results from our global potential parameters (red solid lines) and those of A. J. Koning
and J. P. Delaroche (black dashed lines) in the center of mass frame. The experimental data are
taken from Refs. [44][78][138][163]-[167][205]-[209].
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FIG. 8: Comparisons of the experimental angular distributions of elastic scattering (dots) with the
calculated results from our global potential parameters (red solid lines) and those of A. J. Koning
and J. P. Delaroche (black dashed lines) in the center of mass frame. The experimental data are
taken from Refs. [168][169][209]-[214].
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FIG. 9: Comparisons of the experimental angular distributions of elastic scattering (dots) with the
calculated results from our global potential parameters (red solid lines) and those of A. J. Koning
and J. P. Delaroche (black dashed lines) in the center of mass frame. The experimental data are
taken from Refs. [44][65][178][182][185][187]-[192].
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FIG. 10: Comparisons of the experimental angular distributions of elastic scattering (dots) with
the calculated results from our global potential parameters (red solid lines) and those of A. J.
Koning and J. P. Delaroche (black dashed lines) in the center of mass frame. The experimental
data are taken from Refs. [47][90][181][191]-[194][217]-[221].
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FIG. 11: Comparisons of the experimental angular distributions of elastic scattering (dots) with
the calculated results from our global potential parameters (red solid lines) and those of A. J.
Koning and J. P. Delaroche (black dashed lines) in the center of mass frame. The experimental
data are taken from Refs. [181][219][222]-[231].
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FIG. 12: Comparisons of the experimental angular distributions of elastic scattering (dots) with
the calculated results from our global potential parameters (red solid lines) and those of A. J.
Koning and J. P. Delaroche (black dashed lines) in the center of mass frame. The experimental
data are taken from Refs. [181][222][223][232]-[240].
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